UNCLASSIFIED 



AD NUMBER 

AD529372 

CLASSIFICATION CHANGES 



TO: unclassified 



FROM: confidential 

LIMITATION CHANGES 

TO: 

Approved for public release, distribution 
unlimited 



FROM: 

Distribution authorized to U.S. Gov't, 
agencies only; Test and Evaluation; AUG 
1973. Other requests shall be referred to 
Director, Air Force Flight Dynamics Lab., 
Attn: FXS, Wright -Patterson AFB, OH 45433. 



AUTHORITY 

31 Dec 1979, per document marking; AFRL/VA 
ltr, 25 Jul 2005 



THIS PAGE IS UNCLASSIFIED 



93 (VOL I) 



INVESTIGATION OF A 
^MICRO-FIGHTER / AIRBORNE 
AIRCRAFT CARRIER CONCEPT (U) 

SUMMARY 
B.O. NELSON, ET.AL. 

TACTICAL COMBAT AIRCRAFT PROGRAMS 
THE BOEING AEROSPACE COMPANY 

SEPT. 1973 



Ctatifiadby Oirf. Flight Mechlin Divi*>n/FX 
8ub|«c1 lo Cfiwtl DnlMlftcailon Schtdulo of 
EKKuth/t Ordtr 11BS2. Aulom»tlc»lly OmrvMM »t 
t*a yw ImtrMlt. DkImiI.x] on DKvmtw 31.1970. 



OUnlbuiion llmlltd 10 U.S. Govunmtnt tfncln 
only, Irrt »n<l «vtl>j*1ion; ittt»m*!l tppIlM 24 AufuM 
1173. Olhar ranuMli 'or Ihiidocvmtnt mufi ot 
rt»»fr«J lo Alf Force Fll^il Dyrwnlct L»bor«tory/F XS, 
WrittMPitttrton AFB, Ohio 41403. 



NATIONAL KCURITY INFORMATION 

Uniuthorlied tflsctoww wbjttt lo 
trtmlnH iinctloni. 



in. 



I 1 i 



AIR FORCE FLIGHT DYNAMICS LABORATORY 

AIR FORCE SYSTEMS COMMANO 
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 



CONFIDENTIAL 



: ' ' 5SIFIED 



A/FDL Tti 73-93 (VOL. I) 



NOTICE 



Whan Government dravlrgs, specifications, or other date are used for any 
purpose other than in connection with a definitely related Government procure- 
ment operation, the United States Government thereby Incurs no responsibility 
nor any obligation whatsoever ; end the fact that the government may have for- 
mulated, furnished, or In any way supplied the said drawings, specifications, 
or other data, la not to be regarded by implication or otherwise as in any 
manner licensing the holder or any other person or corporation, or conveying 
eny rights or permission to manufacture, use, or sell any patented invention 
that nay in any way be related thereto. 



Copies of this report should not be returned unless return is 
required by security considerations, contractual obligations, or notice 

in a specific document. 




1 1 



CONFIDENTIAL 



AFFDL TR 73-93 (VOL I) 



INVESTIGATION OF A 
MICRO-FIGHTER / AIRBORNE 
AIRCRAFT CARRIER CONCEPT (U) 

SUMMARY 
B.D. NELSON, ET. AL. 

TACTICAL COMBAT AIRCRAFT PROGRAMS 
THE BOEING AEROSPACE COMPANY 

SEPT. 1973 



Otuifiod tlr Chi- 1, f light Machanid OiviHon/F X 
SubjKt 10 Gineral OKiasiliution SchooVt of 
e««culiv« O'dr 11652. A-jlomtwrSy Jowr^tdxJ tl 
two fUf tniarvBli. DectantficcJ on OKmbif 31.1BT9. 



OiimbiOon liinnad to U.S. Ciovof nment fgvncm 
only; lotl tn1 «v<l jjlion; ililiwl Kplilt 24 Augult 
1C73. Other requr*l« for thii document mull bo 
rofvrrod 10 Air Forct Flight Cynomlci UbOOlOf y/F XS. 
rVtlJtllPMttnon AFB. OMo 45433. 



NATIONAL SECURITY INFORMATION 

Unauthrrtzed disclosure sub|ttt to 
Criminal unctions. 



AIR FORCE FLIGHT DYNAMICS LABORATORY 

AIR FORCE SYSTEMS COMMAND 
WRIGHT- D ATTERSON AIR FORCE BASE, OHIO 



CONFIDENTIAL 



UNCLASSIFIED 

AITDL TR 73-93 (VOL. I) 



FOREWORD 



^<U) This report was prepared by the Tactical Combat Aircraft Project of 

the Boeing Aerospace Company, Seattle, 1 ashington under contract F33615-73-C- 
3012, Project 1431, "Aerodynamic Synthesis and Flight Research" Task 143101. 
Inclusive dates of research were 15 November 1972 through 17 September 1973. 



Air Force Project Engineer for this investigation was Mr. W. Dudley Fields, 
AFFDL/FXS, The authors express their appreciation to Mr. Alfred C. Draper, 
AFFDL/FX, for hia guidance throughout this effort. 

■ 

(U) Significant contributions were made to the study by the following 

personnel: 

*B. D. Nelson - Program Manager J. C. Goodboy - Operations \naiysis 

o 

W. M. Brennan - Flight Systems Design A. D. Connot - Operations Analysis 

G. R. Root - Configuration Design J. B. Miller - Model Design 

E. T. O'Neill - Configuration Design &. A. Day - Model Design 

P. T. Palmer - Aerodynamics 

W. B. Sutherland - Aerodynamics 

V. L. Maanick - Weights Analysis 

A. L. Brown - Structures Analysis 

M. McKinney - Structures Design 

G. L. Letsinger - Configuration Analysis 

(U) Classified information has been extracted from (asterisked) documents 
listed under references. 

(U) This Technical Report has been reviewed and is approved. 



The program was sponsored by the Air Force Flight Dynamics Laboratory. The 




PHILIP P. ANTONA 

Chief, Flight Mechanics fcivisi.cn 
AF Flight Dynamics Laboratory 



11 




UNCLASSIFIED 



AFFDL TR 73-93 (VOL. I) 



UNCLASSIFIED ABSTRACT 



(U) The report presents che resulto of an exploratory investigation to 
determine the size, performance and feasibility of a Micro-fighter design such 
that a number of vehicles could be transported or air launched and recovered 
by a C-5 class carrier aircraft. Emphasis was placed onj identification of 
potential applications for a Micro-fighter airborne aircraft carrier system, 
determination of technology requirements for airborne launch and recovery, 
and the technology requirements for the Micro-fighter airborne aircraft 
carrier system, determination of technology requirements for airborne launch 
and recovery, and the technology requirements for the Micro-fighter. The 
scope of investigation Included evaluation of five fighter concepts and two 
carrier aircraft. Trade studies were performed to assess launch and recovery 
schemes and technology applications. Evaluation led to the definition of 
1980 IOC and 1985 IOC concepts for Micro-fighter Airborne Aircraft Carrier 
Systems. 
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1.0 INTRODUCTION 




(U) This volume summarizes study results. Volume II contains the techni- 
cal report. 

(C) This concept feasibility study has provided the initial step toward 
development of an advanced concept of operation - the tficro-f ighter/Airborne 
Aircraft Carrier. The operational employment of strike fighters operating 
from airborne aircraft carriers is indicated by this study to be technically 
feasible. Furthermore, the system concept offers the potential of great 
national benefit in a political world that leans toward a low profile 
American exposure overseas while being responsive to diverse needs of our 
allies. 
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Figure 1: Background (U) 

1.1 BACKGROUND 

(U) Fast efforts to make operational use of airborne launch and recovery 
systems are shown in Figure 1. The U.S. Navy made operational use of fighter 
squadrons aboard the airships Akron and Macon (1935-1937). Vulnerability to 
weather limited the operational concept. Subsequent attempts by the U.S. 
Air Force were the XF-85 and RF-84F to be carried by the B-36. Launch and 
recovery proved to be major problems in these two programs while fighter 
and carrier capability limited operational usefulness. In-flight refueling 
of fighters and bombers became a competitive solution for extended range 
and ultimately B-36 obsolescence terminated all effort. 

(U) It is with this background that the present study has focused on the 
feasibility of small fighters sized to be carried internally and configured 
to be air launched and recovered. 

(U) The modern concept for airborne launch and recovery (Figure 2) combines 

new transport technology and emerging fighter technology to produce a system 

..svicept that goes beyond in-flight refueling to add ln-flJght rearming and 

mil Li-sortie capability for each fighter. Understanding these capabilities 
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Figure 2: Modern Concept - Airborne Aircraft Carrier (U) 

(U) early in the life of the 747 and C-5A can preclude the problem of currier 
obsolescence - instead growth versions can be predicted that provide useful 
life beyond the year 2000. 

(C) This investigation has studied the feasibility and usefulness of an 
airborne airbase and has found it to be technically feasible and potentially 
valuable to the nation as a rapid deployment multi-purpose strike system. It 
has the potential for intercontinental response, with large combat forces, 
before an aggressor can fully mobilize for invasion of neighboring countries. 

1.2 OBJECTIVES 

The study had three primary objectives: 



(0) 
(1) 

C) 
O) 



Investigate feasibility and potential operational applications of 
the carrier/Micro-f ighter concept. 

Develop a Micro-fighter point design such that a number of airplanes 

can be transported intact with a 747/C-5 class carrier aircraft and 

have a capability of being air launched and recovered from the carrier. 

Design and construct a wind tunnel model of the selected Micro-fighter 

design suitable for wind tunnel testing. 
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2.0 OPERATIONAL ANALYSIS 




Figure 3: Baseline - Microfi^hter /Airborne Aircraft Carrier (U) 



(U) For carrier loading, on-board handling and operational analysis the 
baseline system (Figure 3) represents 1975 technology. The 747 AAC has a 
maximum weight of 883,000 pounds employing growth available in the current 
structure. Fighters, fuel and air-to-ground weapons fpr three sorties each, 
represent a carrier expendable load of approximately 200,000 pounds. 

(U) Fighter designs employ 1975 technology. The subsystems are primarily 
off the shelf. Geometry is constrained by carrier limits to a wing span of 
17.5 feet. A Basic Launch Weight (internal fuel and internal armament) of 
10,000 pounds was determined from earlier design studies. An overload capa- 
bility of 40% was determined practical for air-to-ground applications. 

(l!) Operational deployment was investigated for scenarios in the European 
Theater, the Middle East, Indian Ocean and C0NUS Air Defense. 
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(C) Figure 4: European Scenario (U) 

(C) The high level conflicts possible in Europe (Figure 4) indicate a high 
potential for a rapid deployment system. The MF/AAC force can be deployed in 
1/10 the time with 1/3 the manpower required for a current CASF squadron. 

(C) Launch stations located outside the ground radar coverage require fighter 
interdiction radii of 100 to 300 n.mi. High intensity combat against many types 
of Soviet aircraft would require air superiority roles for the fighter both as 
CAP for interdiction missions and fleet air defense. 

(C) Command and control by AWACS would allow mobility for the total strike 
force while providing radar defense and MF interceptor control. 

(C) Middle East deployment (Figure 5) represents a typical fast reaction 
tor show of force or real support through battlefield interdiction. 
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(C) Figure 5: Middle East Deployment (U) 



The presence of a MF/AAC strike force in the Middle East would best 
be accomplished by basing in Great Britain. In a strike role the fighters 
would encounter enemy aircraft with capability at least equal to MIG-21PF. 
Self defense capability should include maneuver performance equal to MIG-21 
without salvo of external stores. This requirement was found to be very 
sensitive to MF wing loading and thrust to weight ratio. 

(C) The Indian Ocean island of Diego Garcia provides an alternate base for 
Middle East deployment (Figure 6) and for protection of vital shipping lanes. 
Soviet presence at Socotra Base could be challenged by MF/AAC while pro- 
viding sea surveillance of the Indian Ocean and Persian Gulf areas. 
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(C) Figure 6: Indian Ocean Scenario (U) 

(C) Endurance of the carrier plus speed and endurance of MF patrols are 
prime requirements for operating in the Indian Ocean. 

(C) The Conus Air Defense deployment (Figure 7) employs Barrier patrol 
operations in time of world tension. Deployment and patrol of AWACS and AAC 
is from Z.I staging bases. In one concept AAC's shuttle to AWACS line, launch 
fighters on alert patrol, refuel AWACS, continue fighter operations for 8 
noora until replacement AAC shows on line. The long range afforded by the 
AAC allows the MF to go all out when required to intercept. 
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(CJ Figure 7: Conus Air Defense (U) 



(C) The summary of requirements on Figure 8 illustrates the need for a 
versatile system with global range and supersonic performance. Rapid deploy- 
ment of the system in a combat status positions the fighters where their 
performance capability can be used effectively to surprise or deter hostile 
action while providing ample protection for carriers and AWACS. These 
requirements were used as goals for futther trade studies of carriers and 
f1t?htc-T!i. 
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(C) Figure 8: Requirements Summary (U) 
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3.0 



FIGHTER DESIGN SELECTION 



(U) Five fighter designs were created for this study and are illustrated in 
Figure 9. These designs were compared with each other and to operational 
analysis requirements which were generated in parallel with fighter config- 
uration development. Concurrent Wind Tunnel tests were conducted by AFFDL/FXS 
on the MF-5 configuration shown in Figure 10. This data assisted the selection 
of the point design configuration. 

(U) This section describes characteristics of the five fighters and the 
comparisons, leading to selection of two designs and the trade studies leading 
to selection of characteristics for the 1980 Point Design. 

(U) This study was directed toward searching for potential applications for 
a Micro-fighter. Because no specific mission rules existed at the outset the 
fighter" were sized to the carrier aircraft dimensional limitations. Initially 
the C-5 aft cargo door opening was believed to be critical for span and fin 
he^ t. Subsequent atudy revealed that: 1) C-5A aft cargo doors t nnot be 
fully opened in flight, and 2) cargo loading diagrams for C-5A ana '47 re- 
vealed critical balance conditions with light cargo loads concentrut in the 
aft body. Vehicles in the 7-10,000 lb. class must be on-loaded and off-loaded 
close to the carrier center of gravity. The carrier cargo bay's dimensions 
constrained the maximum fighter size. Improved technology would serve to 
minimize fighter size for resulting operational requirements. 

(U) To better understand the feasibility of the concept, 1975 level tech- 
nology was selected for all evaluation and trade studies. The technology in 
1980 was assessed to provide a reduced weight fighter with equal or greater 
performance. 

(U) A basic weight of 10,000 lbs. was selected from previous studies, which 
covered a weight range from 4,000 lbs. to 20,000 lbs. 

Design Criteria and Characteristics 

(V) Design development of the baseline Micro-fighters included the following 



ci i u-r i.i : 
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Figure 10: AFFDL/MF-5 Mounted in AEDC Tunnel 4T (U) 



0 1975 Technology 

o Wing Span = 17.5 ft. because of 747 launch by restraints. 

o Variable Geometry - Vehicle designs that employ folding or sweeping 

surfaces must be flyable at launch and recovery speeds in folded 

configuration. 

o High-g cockpit design with IIPACS displays and controllers, 
o Inlet design - fixed geometry, 1/2 round with fixed spike, 
o Emergency earth landing gear-shock absorbing skid system and drag chute, 
o Plight control-zero static margin in pitch and neutral directional 
stability. 

o Basic armament - (2) M-39 cannons and 400 rounds of 20 mm ammo, 
o Fuel volume for 2,5000 lbs. internal. 

o IFR receptacle located to focus boom loads for stable towing. 

o A single YJ101-GE-100 engine will be used. 
These ground rules were intended to provide minimum size vehicles with fighter 
performance. The resulting characteristics are summarized in Figure 11. 
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17.6 


17.6 
17.6 


17.5 
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Leading Edge Sweep (Deg) 
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Body Fineness Ratio 
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2500 
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2600 
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YJ101 GE100 


YJ101 GE100 
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YJ101 GE100 
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Overall Height (Ft) 


6.4 


6.86 


6.0 


6.5 


5.85 


Visibility Factor g> 


245 


211 


263.7 


215.9 


266/255.8 



(T>> As drawn with full internal fuel + (2) M-39 20mm Cannons + 400 rds ammo + (2) AIM-9E missiles. 
Avionics package - 100 Lbs 



£> F v- ^front^skJe+^plan <rM "as F v « 1200) 

Figure 11: Baseline Configurations - Characteristics (U) 
FIGHTER COMPARISON 

(U; Studies were conducted with five baseline fighters to establish their 
capability to meet the requirements identified in the operational analysis. 
Basic comparisons were made for intercept and strike performance. Subsonic 
cruise performance was sensitive to vehicle configuration. Cruise specific 
range for variable sweep is approximately 50% better than other designs but 
supersonic and low altitude performances are essentially equal. The clipped 
"arrow" benefits from endplate fins to increase span loading. The Delta 
provided simplicity and light weight. The high aspect ratio wing selected 
for "Canard" and VITAC concepts were penalized with high wing loading due to 
•Jio span limitation. Mission performance is compared on Figures 12, 13 and 14. 
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(Q Figure 12: Fighter Performance (U) 



(U) Mission performance evaluation shown in Figures 12, 13 anil 14 resulted 
in the initial selection of two configurations, a Delta and a Tailess Variable 
Sweep design. The Delta possessed design simplicity to favor its selection 
and the Tail ess Variable Sweep configuration overall performance. 
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(C) Figure 14: Strike Mission Performance (U) 
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CC> A factor i„ de sXg„ selection was the ability of the 

defend itself against the many Mi g 21's around the world, feline configura- 
tions were compared for maneuver with and without air-to^rouna weapon, in 
Figure 15. Both configurations have more than sufficient capability ^Sr self- 
protection without external stores. 

Thrust and Wing Loading Required for 5g at 20,000 Ft 
Maximum Power, Mach - :9 



Thnrtp Weight 




60 70 80 

Wing Loading - PSF 

(C> Figure 15: Self Defense (U) 
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(U) Fighter selection benefited throughout by concurrent wind tunnel testing 
conducted by the Aerospace Vehicle Branch of the Air Force Flight Dynamics 
Laboratory. Tests with outboard fins similar to those of the Delta indicated 
flow interference between the leading edge vortex and the wing mounted fins. 
To minimize the interference, the fins were moved to the wing tips, essentially 
resulting in the Delta becoming the Arrow, which was selected for the final 
point design. The variable sweep configuration with the wing in the maximum 
swept position for launch and reco»-«ry has aerodynamic and geometric character- 
istics similar to the Arrow. Figure lf> show? the selected configurations. 




Figure 16: Selected Fighters (U) 
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4.0 CARRIER SELECTION 




Figure 1 7: C-5A AAC Concepts ( U) 

CARRIER SELECTION 

(U). 747 and C-5A transports were compared for use as airborne aircraft 
carriers. Primary considerations were ease of modification, airframe growth, 
alternate applications and performance. The C-5A body structural arrangement 
appears easiest to modify; however, when modified it loses much of its cargo 
capability, as shown in Figure 17. 

(U) Carrier design criteria included: 
o Dual launch and recovery bays 

c In-Flight refueling booms for initial contact and refuel 
o High speed - clear air launch and recovery 

o Carrier versatility to operate in alternate roles, such as cargo 
carrier, troop carrier, or tanker. 
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Figure 18: Launch and Recovery Weight and BaJanca-C5A (U) 
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Figure 19: Launch & Recovery Weight & Balance -747F (U) 



CARGO LOADING 



(U) On-board fighter handling is heavily influenced by carrier balance during 
launch and recovery as shown in Figures 18 and 19. The C-5A aft location for 
cargo off-loading is not usable with fighter size vehicles (without extensive 
modification to airframe and flight control system). Bomb bay type arrange- 
ments close to carrier center of gravity allow launch and recovery operations 
lor vehicles up to 15,000 lbs. Forward balance on-loading permits a fighter 
in the nose position clear of normal movement during launch and recovery. 
Degraded mode operations can be accomplished with only one launch and recovery 
bay operable. 19 
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CARRIER SELECTION 



(U) As shown In Figure 20, the 747 has a growth potential to 883,000 pounds. 
Growth of the C-5A was projected to 803 ; 000 pounds based on Lockheed data. 
With this capability range, endurance and speed of the 747 exceed the C-SA. 
installation of ln-flight fueling boom on the C-5A also presents difficult 
problems. A single aft location is feasible, however it would not provide 
assistance to the recovery operation. 
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Growth Cirri*? Comparison 
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747F AAC 




PERFORMANCE 
Cruise Mech No. 
Ouim Altitude 

Mm Range - 200,000 Lb Pay load 

Enduranct it 3000 Ml Rings. 200.000 Lb Psyload 


.76 - .77 
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1.6 Hr» (J) 


.84 -.86 
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3.8 Hr» 




LAUNCH & RECOVERY OF MICROFISHTERS 
(DUAL LAUNCH & RECOVERY SYSTEM) 
Modification Weight Penalty (AOW Lbs) 
Um of A»r ill Refueling Boom for Recovery of Mtcrofighter 


34.164 
See © 


44,763 
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SPOTTING & EQUIPMENT CAPABILITY 

Maximum No. of Mlcrofighters 

Total Pr*aurli»d Volume - Cu Ft 

Volume Ussble for Fighter Cerrlege 
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10 
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\) Not Adequate for Application* Requiring Recycle of Microflghters 
y Aerial Refueling Boom and Oper ator't Station Possible on f£ on Aft Body. Single Aft Body 
Station Doe* Not Provide Assitunce to Recovery Operation. 



Figure 21: Carrier Selection Summary Wj 

(U) Figure 21 summarize*! the primary characteristics of the C-5A and 747F 
when modified to the AAC configuration. The C-5A lacks endurance for multiple 
sorties from each fighter. Modification to the 7A7 requires more weight for 
the desired arrangement for fighter handling. Both designs can be made to 
carry 10 fighters with space for on-board rearming but the C-5A loses some of 
its capability to carry outsize cargo. In-flight refueling at both launch 
and ror.overy stations, a requirenent for rapid recovery, would require 
extensive modification to the C-5A. These considerations led to selection 
oi chc 747F as the baseline for further studies. 



21 

UNCLASSIFIED 



1 i 



""CLASSIFIED 

AFFDL TR 73-93 (VOL. 1) 




Figure 22: Micro- Fighter Recovery IU) 



(l) fighters are recovered by Initial contact with the active in-flignt 
refueling boom. Refueling Is accomplished in approximately 30 seconds while 
the boom is moved to its index position. Retracting action of the telescop- 
ing boom then pulls the fighter into the trapeze index and lock fittings. 
Verification of lock-on brings umbilical power to the fighter while the IFR 
boom is completely retracted and moved aside to its park position. Engine 
shut down follows and initiates the hoisting cycT; by the trapeze. 

(U) To bring the fighter on board, the trapeze is powered and programmed to 
move the fighter into the launch and recovery bay. Following preseurlzation, 
when hangar deck hatch is open and clear, th« trapeze moves the fighter to the 
overhead traveler support for hangar stowage. Operation is controlled by a 
boom operator, trapeze operator and launch and recovery supervisor as 
indic-U'.'d on Figure 22. 

U' i fht: selected arrangement for stowage, launch and recovery is s -o .n on 

Ki ur.- 22. 
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Figure 24: In- Flight Rearming fUJ 



ON-BOARD HANDLING 

(U) On board the carrier, fighters can be serviced, rearmed and turned 
around. The bomb loading, illustrated on Figure 24, shows 1,750 lb. modular 
munitions being raised from the ordnance locker to transfer position on the 
weapon trolley. In the foreground, the weapon is translated on its carriage 
for alignment to the fighter store station. Trolleys are held to the deck by 
a zero-g rail and move to ,-iny airplane station. With this concept, turnaround 
including rearming, is estimated to require 10 minutes per airplane. 

(U) Personnel requirements are 44 per airplane: an AAC crew of 12, MF 
squadron of 14 and 18 supporting specialists. 

(l ) operation of ten fighters in combat situations from a high altitude, base 
".quires pressurized crew compartments and hangar decks. The launch and 
rccvery bays become air-locks to transfer the fighters between environmental 

■■/tremes. 
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(CJ Figure 25: Launch & Recovery - Timeline (U) 



(U) Launch and recovery Is expedited by dual systems and ample power avail- 
able on-board the 747. (Launch and recovery requires power about equal to 
landing gear retraction.) 

(C) The launch cycle shown or. Figure 25 is paced by air defence reaction. 
The first fighter must be launched 1.5 minutes after radar detection of a Mach 
3.0 enemy. From an alert status (pilot in cockpit) two MF interceptors could be 
launched in approximately 80 seconds. Following elements are launched at 
80-sucond Intervals. The interval for this concept includes an air-lock pres- 
sure manifold to cycle pressurized air between bays. Concepts not using 
manifold bays would reduce the launch cycle. 



26 

CONFIDENTIAL 



CONFIDENTIAL 

AFFDL TR 73-93 (VOL. I) 




CARRIER TIME ON STATION 

(U) The fighter sortie time plus launch and rr.-ovtry rate establish i 
station time required of the carrier. Carrier payloads near 200,000 lbs. 
allow multiple sorties by the Micro-f ighters. The time line shown in Figure 26 
adds a nominal strike mission time to the launch and recovery times. 

(C) With this capability recovery operations for mission aborts could be 
initiated as early as 7 minutes after Initial launch. A wide range of mission 
times are probable. Intercept missions range from 10 to 24 minutes. Lo-level 
strike missions range from 17 to 88 minutes and combat air pat.ol co"ld be up 
to 2.4 hours. The carrier has payload capability for at least three sorties 
per fighter. Resulting time on station could range to 8 hours for all combat 
■itr patrol. 

(C) A more likely mission plan would designate part of the force to fly 
i:ombat Air Patrol (CAP) for strike missions. One CAP sortie may support two 
or more strike sorties in 2-3 hours. ^ 
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5.0 TRADE STUDIES 
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Figure 27: Trade Studies Summary ( U) 



(U) Trade studies identified on Figure 27 were conducted for variations in 
the fighter and carrier to determine major impact on system performance, 
carrier compatibility, airborne launch and recovery and technology applications 
for the 1985 IOC fighter design. Fighter trades employed the Delta & Variable 

Sweep designs. 

(U) The resulting 1985 point design fighter characteristics included the 
following; 3asic Launch Weight - 8,400 lbs., thrust to weight ratio - 1.35, 
advanced technology wing design, armament with 25 mm cannon and low cost 
dfefeuse missile, modular munitions-air to ground, digital avionics and flight 
crptroiH, modular mission subsystems and high-g cockpit. 

(V) Advance Airborne Aircraft Carrier characteristics included, take off 
,/.;h'ht ■ 1.2 million pounds and a fighter capacity of 14 for airborne launch 
•lit J recovery. 2B 
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FIGHTER SIZE 

(U) Size of the Hicro-f ighter is severely limited by carrier geometry and 
structural constraints. Within these constraints the primary variation 
pern-.itted is body length. The variations shown on Figure 28 are the result 
of body length. 

(U) Carrier trades for fighter size variation are shown on Figures 29 and 
30. It was believed that significant weight savings could be realized in 
body torsion material requirements by decreasing the width of the body cut- 
outs, therefore providing a larger torsion box on the out-board sides of 
tne cutouts. Stress sizing was accomplished to determine the theoretical 
material requirements in the cutout areas for the size variations. Weights 
wc-rt computed using the results of the stress sizing combined with predetermin- 
ed theoretical-to-actual factors based on past Boeing experience. Figure 29 
;.rf"SHncs the results of the cutout size study. 
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(C) figure 31: Effect of Thrvit and Store Drag on Subsonic Acceleration (U) 



ENGINE SIZE 

(C) Holding the airplane fixed and increasing engine size increases the 
penetration Mach number at sea level. Desired speed from a survivability 
standpoint is M j_ -9. Engine size and external drag effects on low altitude 
deceleration are shown on Hgurc 31. A typical Mig-21 threat possesses a 
opeclfic excess thrust level of 600 fpa which corresponds tc approxi;nately 
20 seconds for acceleration from 300 to 600 kts. The 60S fuel line at 
intermediate thrust provides adequate acceleration up to a Af of 1.35 square 
feet. With maximum augmentation the baseline thru6t to weight ratio of 1.6 
rnuld our accelerate the Mig-21 without salvo of weapons. 
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Figure 32: Landing Gear Characteristics (U) 



EMERGENCY LAND ING S YSTFM TRADES 

(U) Four alternate landing gear designs were examined in addition to the 
baHfJine bklU concept. The characteristics and influence on fighters are 
surimari in Figure 32 and illustrated in Figure 33. Two air cushion land- 
ing systems were studied. The inflated skid employs technology now being 
(developed for air cushion landing systems. For emergency landing the metal 
skid was retained for its minimum coat, weight, and volume. 
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1076 

Technology 

Figure 34; Technology Application (U) 



1980 



TECHNOLOGY APPLICATIONS 

(U) Technology projections Cor 1980 were examined to determine those high 
leverage applications thac would reduce fighter size and basic launch weight. 
Weight reduction was identified as a primary goal because the carrier weight 
limits are reached before volume limits. Figure 34 summarizes the results 
which include those high leverage technologies illustrated on Figures 35 
through 40. Discussion of these technologies can be found In Volume II. 

(U) Development programs in progresa toward these projections can be identi- 
fied for all areas except certain armament elements. Armament development 
is required for a low cost defense missile, a light weight 25 mm gun, and 
airframe weaponu integration of modular munitions to provide the maximum 
benefits in a minimum fighter. 
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Figure 36: Leading Edge Flop Variable Camber Wing Concept No, 5 (U) 
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(U) Figure 37: Technology: Advanced Cockpit Detign (Ul 
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6.0 POINT .DESIGN MICRO-FIGHTER - I860 TECHNOLOGY 

(U) Requirements for the Advanced Technology Mlcrc-f ighter evolved from 
the operational analysis and the trade studies. 

(C) For most engagements in remote areas normally denied to U.S. Forces, 
the enemy airborne threat will be comprised of many MTG~21's (even in 1985) 
and advanced fighters with capabilities similar to the F-16. The presence 
of MlG-21's should not degrade the MF strike force in any operation, air-to- 
air or air-to-ground. Therefore, trade studies have examined the MF agility 
in a heavy strike configuration to maneuver and accelerate with the MIG-21 
in a GCI intercept configuration. This matching performance, plus inflight 
thrust reversing, will provide rapid positioning for conversion - particularly 
during scissors and yo-yo maneuvers. The point design can outrun the clean 
MIG-21 at low level, loaded with 3,500 lbs. of bombs, using partial after- 
burner. Acceleration w/af terburner is possible from best sea level cruise 
to (M - 1.0) in leas than 15 seconds. This throttle response will 
require an increase in for safety. For the Point Design, M - 1.2 is 
believed to be adequate. 

6.1 AIR VEHICLE DESCRIPTION 

(U) The advanced Micro-fighter, Model 985-121, Figures 41 and 42, was 
developed by incorporating selected emerging technology items into the 
current technology arrow wing Micro-fighter, Model 965-20. The major 
configuration advancements are described below with subsystem descriptions 

following. 

Model 985-121 Features 

(U) o Advanced technology "Arrow" wing planform with tip mounted vertical 

surfaces for improved flow field over fins, 
o Smooth variable camber leading edge (VCW) for Improved maneuverability, 
o Direct side force control (DSFC) device for precision maneuvers, 
o Body-wing blending for internal carriage of the gun and dogfight 

missiles with simpler structure, 
o Acvanced linear array radar module for installation in two 

dimensional horizontal ramp inlet, 
o Hi-acceleration cockpit design with 50" Inclined seat for tolerance 

of higher sustained g levels. 
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(U) o Extensive use of advanced composite and metallic structure. 

o A smaller, advanced cycle engine resulting from past aircraft 
propulsion subsystem integration (AFSI) studies. 

Gun 

(U) A gun system using 25 ma case less, GAU-7 type ammunition was chosen 
for the 1980 Micro-fighter. Due to weight and volume constraints, a two 
barrel external drive gun concept by Hughes Tool Co., Aircraft Division 
was selected. 

Advanced Short Range Misalle 

(U) Two internally carried, tube launched, dog-fight missiles are 
postulated for the 1980 Micro-f ighter . A wingless configuration with 
vectored rocket thrust for high maneuverability and a body diameter 
similar to AIM-9 or Zuni is considered feasible. Missile exhaust gases 

are ducted overboard (open tube launch) . Look-bef ore-launch capability 
is provided by projecting the missiles guidance section through the wing 
leading edge frangible ports. 

External Stores 

a. Serine Mission 

(U) Two 1765 lb. "Smart bombs"have been chosen for the primary air-to-ground 
mission. A folding fin derivative of this modular weapon is shown 
carried tangent at the wing-body intersection. Additional weapon 
carricge hard points are provided under each wing Just inboard of 
B.L.46.5 to accommodate a variety of weapons. Potential performance 
gains resulting from wing-body intersection stores carriage should be 
evaluated during external store development and/or selection for the 
advanced technology Micro-fighter. 

(U) Because of mother ship launch bay and storage bay clearance restrictions, 
lower body, corner mounted, finned weapons and lower body tangent stores 
have beer xcluded. 

b. Air Intercept Mission 

(i.'l Two AIM-7F Sparrow Missiles, carried on wing pylons were selected, 
the performance characterlsi- ' ->t this developmental missile are 
compatible with those assumed .... the operational analysis of the 
intercept mission. ^ 
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c. ECM & Reconnaissance Missions 

(C) Although detailed analyses of the equipment requirements for these 
missions were not completed during this study, coordination with 
suppliers In both fields indicates that their advanced ECM & RECON 
Equipment will be pod mounted. The wing pylons will be used to carry 
these pods. The selection of deception ECM is an exception: to pod..: 
carriage. Track breaking ECM electronics is packaged in the lower 
body avionics bay of Model 985-121. 

Mission Modules 

(U) The 1980 technology Micro-fighter configuration allows two volumes to 
be dedicated to modularized mission avionics: 

1) Aircraft nose. Volume - 4 ft^. 

2) Lower lip of engine inlet. Volume - 3.5 ft 3 . 

With few exceptions, all avionic components of the mission system 
modules are accommodated in these volumes. In addition to necessary 
cockpit volume for controls & displays, limited volume ia available in 
the wing leading edge between flap actuators and gun/missile bays for 
component installation (e.g. antennas). 

(U) Figure 42, Model 985-121 inboard profile, shows the installation concept 
for major system components. 

6.2 WEIGHT AND BALANCE 

(U) Mass properties are estimated on Table I, for the Point Design Micro- 
fighter (Model 985-121). Weight and balance are predicted for the design as 
drawn, Figure 41. 

6.3 PERFORMANCE 

(U) The 1980 version of the Arrow MF is similar to the 1975 version but 
includes some configuration and structural changes that result in slightly 
different aerodynamic characteristics and considerably less weight. The 
changes which influence the aerodynamics were principly the thicker wing root 
sections, the reduced volume and shortened fuselage and the internal carriage 
of the two air defense missiles replacing the external AXM-9's of the 1975 
version. At most operating regimes these changes tended to favor the -121. 

(<:) The advanced engine chosen for this future application was a turbofan 

investigated during earlier APSI/ATEGG studies. The engine was sized to 

provide a 1.4 thrust to weight at 8,000 lbs MF weight. 
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Table I: Group Weight Statement 



FL1. DES. WT. - 7920 LBS 

_ a c rk bi 4> nor i w 

n » 6.5 (f rUT. DES. WT. 


WEIGHT 
(LBS ) 


HORIZONTAL 

A bU / DCT1 \ 

ARM (BSTA) 




UINC 


630 


263 




HORIZONTAL TAIL 








VERTICAL TAIL 


180 


354 




HODY a STRAKE 


940 


222 




S f NCLE SKID 


190 


247 




NACELLE OR t'NC SECTION 


40 


283 




AIR INDUCTION 


120 


193 




STRUCTURE 


(2100) 


(247 . 4) 




ENGINE * A/B + NOZZLE 


1240 


297 




ENGINE ACCESSORIES 


40 


267 




FUEL SYSTEM 


120 


239 








1/0 




UlARTING SYSTEM 


30 


244 




PROPULSION 


(1480) 


(286.4) 




AUXILIARY POWER UNIT 


- 


- 




INSTRUMENTS I NAV EQUIP 


70 


120 




SL'XFACE CONTROLS 


240 


315 




HYDRAULIC/PNEUMATIC 


80 


310 




ELECTRICAL 


240 


210 




AVIONICS 


280 


100 




ARMAMENT 


30 


175 






180 


143 




AIR CON0 & ANTI-ICING 


130 


185 




AUXILIARY GEAR 


20 


230 




RADAR REFLECTIVITY RED. 


- 


- 




GUN AND PROVISIONS 


350 


253 




FIXED EQUIPMENT 


(1620) 


(207.0) 




WEIGHT EMPTY 


5200 


245.9 




CREW 


200 


138 




CREW PROVISIONS 


10 


138 




OIL 4 TRAPPED OIL 


20 


253 




UNAVAILABLE FUEL 


30 


237 




PAYLOAD PROVISIONS 


60 


235 




WEAPON' BAY FUEL PROV 








NoN-EXP USEFUL LOAD 


(320) 


(172.7) 




OPERATING WEIGHT 


5520 


241.7 


31.2X MAC 


AMMO (300 RNDS, 25nm) 


280 


258 




MISSILE (LCDM) (2 ) 


200 


232 




PAYLOAn (INCL EXP PEN AIDS) 








F'JFL-WINC 


1200 


262 




FUEL- BODY 


1200 


212 




CROSS WEIGHT 


8400 


240.7 


30.5: MAC 


NOSE AT BS 40 
LEMAC AT BS 196.0 
MAC LENCTH • 146.4 IN. 

Wlh 7/1973 




"ARROW" 
H1CRO-FICHTF.R 
985-121 
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(C) Figure A3 shown the T/W and W/S required for maneuver at . 9M and 20,000 
ft. The T/W is adequate to meet Che requirements of the 5 G maneuver 
condition, with the two 1,750 lb. strike weapons Included. In Che clean 
configuration sustained maneuver la superior to advanced fighter threats 

capable of 7g's at the condlcion shown. 

(C) The flight envelope for the 985-121 with maximum thrust is shown on 
Figure 44 and indicates that the aircraft can engage In air-to-air combat 

up to an altitude of 50,000 feet and speeds up to Mach 2.0. 

(C) The intercept mission seen on Figure 45 etarts with the launch at 
30,000 ft. and .8 Mach. The intercept radius of 150 nautical miles is 
performed in approximately 10 minutes from launch. 

(C) Strike mission performance carrying 2 advanced modularised weapons is 
nhown on Figure 46. The drag of this weapon installation la about 752 of 
that for 2 MK84L's because they are well integrated Into the airplane 

configuration. 

(C) The air-to-air mission has a subsonic outbound and Inbound cruise 
with a combat segment in the middle. Figure 47 shows the combat turns 
available at several Mach-sltlCude combinations vs. missions radius. The 
combat turns available consider the fuel penalty of accelerating from 
cruise to the combat speed. At a mission radius of 350 miles approximately 
10 full 360° turns at maximum thrust at Che transonic speeds typical of the 
air-to-air encounters eve achieved. 

(C) Some of the changes incorporated in the -121, relative to the baseline 
model -20, have a negative influence on the high speed performance. The 
shorter fuselage and the thicker wing root both result in additional wave 
drag. However, the airplane can still achieve Mach 2.2 in the air-to-air 
configuration, since the air defense missiles are carried internally. The 
dashed lines on Figure 44 show the speed penalty for carrying two AIH-7's 
on undenting pylons to be approximately .3 Co .4 Mach. This penalty results 
because the MF is a very small airplane and even though Che AIM-7 is rela- 
tively clean aerodynamical y, ic is large end difficult Co attach to the 
. ; rp i m.- in a low drag configuration. Much of this penalty could be avoided 
. tin. weapon were designed with folding or retracting fins allowing the 
: ilea to be carried tangendally. 
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T/W and W/S Required 
For M*rv«uv«r 



Mtch.09 

20,000 Ft, AKitudt 



1.8 



1.6 



1.4 

Thruit/Weiflht 
SLS Uninrt, 
Thru* 

1.2 



1.0 



0.8 




0.5 L u 



30 40 60 60 

W/S (Lb/Ft 2 ) 



70 80 



fCJ Figure 43: Maneuver Performance Point Design (IJ) 



U7 



CONFIDENTIAL 



CONFIDENTIAL 




(C) Figure 45: Intercept Mission (U) 
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6.4 STABILITY AND CONTROL 

(U) Predicted life curve slope and aerodynamic center are shown on 
Figure 48. datcom methods were used, for the basic wing-body characteristics 
in conjunction with NACA TN 2229 for tip plate effects. The most forward 
aerodynamic center is at 42% MAC. Therefore, for zero static margins the 
aft e.g. limit is at 422 MAC. At present the actual aft e.g. is almost lit 
ahead of this point. The e.g. envelope requirements will bt firmed up after 
wind tunnel testing. 

(U) Directional stability is shown in Figure 49. The airplane will be 
stable throughout the Mach-angle of attack range. At supersonic speeds, 
in...; >jj stability due to angle of attack is minimized because the vertical 
t.»iU are mounted on the wing tips and do not experience the dynamic pressure 
'iss typical of center mounted tails. 
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MAC - 144.7 I 
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Figure 48: Longitudinal Aerodynamic Characteristics (U) 
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7.0 IflF/AAC SYSTEM CONCEPTS - 1976 AND 1980 TECHNOLOGY 

7.1 MULTI-PLRPOSE STRIKE SYSTEM CONCEPT (MPSS) 

(U) To project applications of the MF/AAC concept to operational employment 
additional system elements must be recognized. The AAC shows best capability 
if assigned to carry, recov r and turnaround its fighter element a. Command 
and control is best handled „>- WACS. Global deployment will benefit from 

in-flight refueling of the Aa„ and AWACS. 

1975 Technology - System Concept 

(C) A 1980 IOC Multi-Purpose Strike System (MPSS) would best employ 10 747 
AAC + 1 747 AWACS. This complement provides 100 fighters (approximately 4 
squadrons) for deployment to Europe in 8 hra. from alert - on station and 
ready for combat with fighter crews rested and briefed. Twenty percent of 
the fighters would be configured for fleet air defense against all threatB 
up to Mach 3.0. The remaining 80 percent could be configured for CAP, Recci, 
Reccl Strike or CAS froa stores and provisions on each AAC. 

(C) With 200,000 lbs. expendable load the 1980 IOC AAC could reaain on 
station 4-1/2 hrs. at 2,600 n.mi. radius while each of the fighters operate 
for 3 or 4 sorties over combat radii from 100 to 230 n.mi. Global deployment 
could be accomplished with 747 tankers for each AAC and AW AC. Global 
coverage from U.S. Bases requires one refueling and 17 hrs. to reach the 
farthest air launch station near conflicts. 

(C) The 747 AWAC/Command Ship (AWAC/C) is envisioned as best for the MPSS 
because it has the range, endurance and payload capability to best aatch the 
747 AAC while performing the Reccl task in addition to the AWACS task now 

performed by the E-3A. 

(C) The 747 AWAC/C would incorporate some of the modifications common to 
the AAC. Two launch and recovery bays would carry two Micro-fighters config- 
ured for reconnaissance. Other Reccl-f ighters froa the AAC fleet could be 
brought aboard for transfer of intelligence data. On- board processing of 
photo recon data would be included in the 747 AWAC/C. This would allow rapid 
decision making and early briefing of all Micro-fighter crewa by video. 
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(C) This Multl-Purposa Strike System would Include a complement of 525 
men. Expendable weapons would amount to approximately 1,200.000 lbs. for 
each deployment. Table II shows the nominal breakout for the force if 
20X of all fighters are dedicated to fleet air defense. Currently 
programmed systems do not have this self contained force capability. 



(C) Table II: Expendable* - Multipurpose Strike System 



WEAPONS 


WEAPONS /FTR. * 


WPNS/AAC 


WPNS/MPSS FORCE 


20 MM Ammo (Rounds) 


1200 


12,000 


120,000 


2,000 lb. Mod 
Munition 


6 


48 


480 


Air Intercept 

Missiles (Aim-7F 
Type) 


6 


18 


180 


Air to Air Missile 
(AIM-9E Type) 


6 


60 


600 


* 3 Sorties per MF 

802 Configured for Air/Ground 
20X Configured for Air Intercept. 
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1980 Technology System Concept 

(C) The projected 1985 IOC system employs a growth 747 AAC with take off 
weight equal to 1,200,000 lbs. Each carrier is capable of carrying 14 
Advanced Mlcro-f lghters and weapon loads for three sorties each. Modular 
munition development Is projected to provide guided bombs In the 1,500 lb. 
class with lehtality equal to the 2,000 lb. bombs of today. 

7.2 FIGHTER/CARRIER MATCHING 

7.2.2.1 Fighter/Carrier Performance 

(C) The impact of the fighter on the carrier and the carrier on the fighter 
Is shown on Figure 50. With an expendable load of 200,000 lbs., tha 747 
carrier can cruise outbound 4,000 n.mi. , remain on combat station from 1 to 
3.6 hours, depending on Micro-fighter coi .ement, and return 1,000 n.mi. 
The effect of Micro-fighter complement size on payload delivered to '.he 
target is included on Figure 50. An optimum number of fighters for a 
given mission can be selected by trading the carrier on-staticn fuel against 
the rate that payload is delivered, the rate Micro-fighters use fuel, and the 
empty weight of the Micro-fighter complement. This Micro-fighter complement 
trade indicates that the optimum number of fighters for tha ground attack 
mission is between 6 and 8. With a hangar capacity of 10, at lea*t two 
Micro-fighters are available for carrier defense. 

7.2.2 Fighter Carrier Matching - 1980 Technology 

(r.) When the 1985 IOC Micro-fighter is teamed with an advanced carrier pf 
Increased capabilities, system performance like that shown on Figure 51 can 
be projected. In this case, a 1.2 million lb. growth version of the 747 is 
shown deploying a variable number of MF's at a distance of 4,000 n.mi. The 
payload to the target provided by varying numbers of MF's flying multiple 
sorties is shown: At 4,000 n.mi. radius, over 100,000 lbs. of payload can 
be delivered with 10 MF's flying 3 sorties each. The expended load at 4,000 
n.mi. is approximately 300,000 lbs. A typical strike mission of 40 n.mi. 
sea level dash and 210 n.mi. cruise (see Figure 46) carrying (2) 1,750 lb. 
weapons was the basis for the plots. 
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(C) Figure 50: Fighter Carrier Matching 1975 Technology (U) 
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8.0 CONCLUSIONS & RECOMMENDATIONS 

(U) This study has uncovered many questions, which require answers beyond 
the scope of thin effort. Moat of the conclusions are qualitative because 
of the limited depth of the study. The real payoff relative to current 
concepts needs to be explored. Any comparison study rapidly involves other 
parts of the system and supporting systems - because the Mt'/AAC is part of a 
totally new concept of operations. The system (referred to here as the 
Multi-Purpose Strike System) is an airborne version of the U.S. Navy's 
seaborne strike force.. Self contained completely for the duration of 
operations away from its home base. 

8.1 CONCLUSIONS 

(U) The concept oi a Micro-fighter /Airborne Aircraft Carrier is technically 
feasible and could be operational by 1980 with emerging technology. Opera- 
tional feasibility requires technology damonstrationa of air launch and 
recovery and on-board handling of the fighters. 

(C) The eystfttn concept offers the potential of great national benefit in 
a political world that leans toward a low profile American exposure overseas 
while being responsive to diverse needs of our allies. 

System Potential 

(C) Qualitative evaluation of the system indicates the following potential. 

1. Same day response to any part of the world, ready for combat. 

2. Smaller lower cost combat vehicles. 

3. Deployment aa an Airborne Strike Force or a CONL'S Air Defense System. 

s. Reduced manpower requirements through available technology and reduction 
of overseas bases. Less than 1/2 the manpower now required for a CASF 

Squadrun. 

5. A co.icept operation that provides an alternative to V/STOL fighters 

in the combat theatre, 
b. A rapid deployment strike force that supports Itself and protects 

Itself in combat, without large stockpiles of preposltioned equipment 

and mani'ouei . 

iy80 Initial Operating Capability from emerging technology (1975) 
iii J current technology demonstrator programs. 
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(C) 

8. Deployment of a strike force by Airborne Aircraft Carrier ia aore 
effective than deployment by air transport only. 

9. In-flight rearming and fighter turnaround to minimise time enroute 

to combat. 

Airborne Aircraft Carrier (AAC) 

(U) Airborne Aircraft Carriers can be developed fron current large aircraft, 
either the C-5A or the 7A7P. The present feasibility study has identified 
the following characteristics as desireeble for airborne aircraft carriers. 

1. Payload capability should allow a maximum nuwSer of Hicro-f ighters 
to be carried, consistent with spotting density and critical weight 
and balarce, 

2. Dual launch and recovery capability for redundancy and minimum launch 
cycle time. 

3. Inflight refueling available at both launch and recovery stations to 
refuel fighters at recovery and to provide refueling for other aircraft. 

4. Speed and altitude capability for recovery of overloaded fighter, 
M - .8 and 30,000 ft. 

5. Performance versatility f or launch and recovery in clear air without 
contrails. 

b. Carrier versatility to operate, in other roles. Alternate applications 
Include: cargo carrier, tanker, troop transport, Micro-fighter 
transporter. 

7. On-board rearming and turnaround servicing to allow multiple sortie 

llity fron each fighter) 

8. Projurlzed hanger and work areas with air-lock compartments for 

launch and recovery. 

(U) No ur'.que technology development has been identified for Airborne 
Air-raft Carrier. Demonstration of capability is possible within the current 
state-of-the-art , The 747F best meets these requirements. 
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8.2 RECOMMENDATIONS 

(U) Further research is recomaended to develop a basis for developmental 

decisions regarding this concept of operation. 

1. Wind tunnel teat of the Point Design model to better determine the 
aerodynamic characteristics over the full flight envelope and in the 
aerodynamic influence of the airborne aircraft carrier. Initial 
testing should measure interference effects at each event during 

the recovery. 

2. ■ Research launch and recovery dynamics with pilot in the loop simulation 

employing characteristics of the Foint Design Micro-fighter and 747. 

3. Design studies to identify more detailed requirements for on-board 
handling of fighters for rearming, servicing, and aircraft transfer 
within the carrier. 

4. Preliminary design studies of modifications to 747 carrier airframe 
for demonstration of airborne launch and recovery. 
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